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FOREWORD 

/ 


The  work  described  In  this  report  was  accomplished 
by  Douglas  Aircraft  Company,  Aircraft  Division,  r 
Long  Beach,  California,  for  tne  Bureau  of  Naval 
Weapons,  Wasnlngtor,  D.  C.,  under  Contract  NOa(s) 
50-6226c.  It  represents  one  phase  of  a  comprehensive 
program  for  the  examination  of  loads  experienced  by 
Na«'3l  Aircraft  during  landings  and  the  determination 
of  the  accuracy  with  which  these  loads  may  be  dupli¬ 
cated  by  drop  tests  and  analysis. 

The  project  was  performed  under  the  general  direction 
of  Mr.  C,  T.  Newby  of  the  Bureau  of  Naval  Weapons 
with  Mr.  D.  C.  Lindquist  acting  as  cognizant  technical 
project  head.  It  was  crir'^urted  by  Douglas  Aircraft 
Company  with  Mr.  F.  C.  AUen  providing  the  technical 
direction  and  Mr.  L.  B.  Mosby  acting  as  Chief  Technical 
Investlga  tor. 
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SUMMARY 


This  report  describes  and  presents  the  results  of 
certain  airplane  drop  teats  which  are  part  of  an 
extensive  program  to  compare  the  landing  loads 
experienced  by  an  A4D-2  airplane  during  flight  tests 
and  drop  tests  with  those  computed  by  analytical 
methods.  Other  phases  of  the  program  are  reported  in 
References  (1),  (2)  and  (3). 

The  instrumentation  used  in  these  tests  was  nearly 
identical  to  that  used  in  the  flight  test  program  and 
was  sufficient  to  determine  the  loads  applied  to  the 
airplane  at  the  ground,  the  position  of  the  3trut, 
the  internal  pressures  in  the  gear  and  significant  struc¬ 
tural  accelerations. 

The  re3ult3  are  presented  in  the  form  of  curves  of 
measured  parameter  versus  time.  Vertical  ana  horizontal 
loads  on  the  gear  at  the  ground  were  computed  from  the 
strut  instrumentation  and  are  compared  with  data  from 
the  reaction  platforms. 

Discu33lon  on  the  significance  of  the  data  is  reserved 
for  the  Summary  Report  on  this  project  (Reference  O)), 
however,  two  recommendations  pertaining  to  the  need 
for  further  work  arise  from  this  drop  test  program. 

The  first  is  that  a  study  of  the  dynamic  characteristics 
of  the  reaction  platforms  be  made  in  order  that  confi¬ 
dence  in  the  strut  instrumentation  can  be  improved,  and 
second,  that  a  sliding  coefficient  of  friction  test  be 
made  of  the  tire  on  the  reaction  platform  surface  for  the 
purpose  of  substantiating  the  high  coefficients  of  friction 
registered  by  the  left  hand  strut. 
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SYMBOLS 


Axial  lead  in  the  atrut  at  the  axle,  pound*. 
Petit ire  up. 


Norval  load  in  the  atrut  at  the  axle,  pound*. 
Posit ire  aft. 


Inertia  foree  on  the  lower  ease  in  the  atrut  axial 
dlreetion,  pounds.  Poaltlre  down. 


Acceleration  of  the  lower  aass  in  g's  tines  its  weight. 
(The  lower  nass  weight,  which  lnoludes  the  wheel,  tire 
axle  and  lnstruaaentatlon,  la  120  pounds.) 


Inertia  foree  on  the  lower  nasa  in  a  fore-aft  direction 
nerval  to  the  atrut,  pounds.  Positive  forward. 


Foree  on  the  gear  at  the  ground  parallel  to  the  ground, 
pounds. 


Foree  on  thp  gear  at  the  ground  normal  to  the  ground, 
pounds. 


Interoept  constant,  (except  as  noted) 
Calibration  constant,  (except  as  noted) 
Total  wing  lift,  pounds. 


Average  coefficient  of  frictions  of  the  tire  cn  the 
landing  surfaoe. 


Instantaneous  ooef fie lent  of  friction. 


The  value  of  any  pareaeter.  Subscript  denotes  the 
oscillograph  ohannel  fro*  which  the  parameter  was  taken. 


Tlae ,  seconds . 


Time  from  Instant  of  release  to  instant  of  ground 
contact,  seconds. 
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SYMBOLS  (Continued) 

Vv  •  Airplane  vertical  velocity  (sinking  speed),  at  contact,  | 
foot  por  oooond.  * 

V  »  Airplane  weight ,  pounds. 
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Displaoeaent  of  any  oscillograph  traeo  froa 
lto  coro  position,  inohoo. 

Displacement  of  any  ooelllograph  traoo  fro* 
tho  roforonoo  lino,  Inohoo. 

Olsplaooaont  of  any  ooelllograph  traoo  fren 
zero  during  tho  s allbrat ion  run,  Inohoo. 

Distance  between  tho  zero  position  of  any  traoo 
and  tho  roforonoo  lino,  laohoo . 

Olsplaooaont  of  any  osoillagraph  traoo  from 
tho  roforonoo  lino,  inches. 

Anglo  of  tho  fuselage  roforonoo  lino  with  respect 
to  tho  horizontal  -  a  egress.  Positive  airplane 
nose  up. 
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Positive  Osar  Foroos 


Positive  Strut  (Axle)  Foroos 
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Oscillograph  Traoo  Teminolegy 
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INTRODUCTION 


The  landing  loads  Investigation,  of  which  this  report 
forms  a  part,  provides  for  an  experimental  flight  test 
program  and  an  airplane  drop  test  program  with  consistent 
Instrumentation  in  conjunction  with  an  analytical  dy¬ 
namic  loads  program.  The  purpose  of  the  investigation 
is  to  determine  the  differences.  If  any,  in  the  loads 
experienced  In  actual  landings  and  the  loads  experienced 
In  drop  tests,  and  to  determine  the  accuracy  with  which 
the  landing  loads  can  be  duplicated  by  advanced  analytical 
methods.  This  report  describes  the  airplane  drop  tests 
and  presents  the  results  of  the  drop  test  phase  of  the 
Investigation, 

An  additional  objective  of  the  program  was  to  compare 
the  loads  resulting  from  actual  landings  with  the  loads 
measured  on  the  moving  drop  test  rig  at  the  landing 
loads  test  facility  of  the  National  Aeronautics  and 
Space  Administration  (NASA)  at  Langley  Field,  Virginia. 

The  airplane  used  was  the  Douglas  A4D-2,  general 
characteristics  of  which  are  shown  in  Figure  1.  The 
NASA  tests  used  a  left  hand  A4D-2  gear  which,  together 
with  slmllar^lnstrumentatlon,  was  later  used  on  the 
airplane  during  its  flight  tests  and  drop  tests.  In 
the  flight  and  drop  tests,  a  right  hand  gear  with  nearly 
Identical  Instrumentation  was  also  used. 

The  complete  Investigation  is  contained  In  three  reports 
in  addition  to  the  present  volume.  A  detailed  descrip¬ 
tion  of  the  Instrumentation  and  the  calibration  techniques 
Is  presented  In  Reference  (l).  A  description  of  the 
flight  tests  and  the  results  thereof  are  given  In 
Reference  (2)  and  the  analytical  investigation  Including 
the  comparisons  described  above  Is  presented  in 
Reference  (3).  The  NASA  test  results  are  contained 
In  Reference  (4). 
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EQUIPMENT 


Details  of  the  airplane  instrumentation  used  In  this 
program  are  provided  In  Reference  (l).  A  summary  . is 
provided  in  Table  I  for  the  reader's  convenience. 

Landing  gear  vertical  and  drag  loads  were  measured  by 
the  landing  gear  instrumentation  and  by  reaction  platforms 
the  configuration  of  which  is  shown  in  Figure  2.  Variations 
in  friction  coefficient  were  obtained  by  varying  the  size 
of  grooves  in  the  surface  of  the  platform.  An  average  co¬ 
efficient  of  friction  of  approximately  0.4  was  sought  by 
this  procedure. 

The  airplane  used  in  the  drop  tests  was  not  the  same 
as  that  used  in  flight  test  although  the  mas3  distribution 
and  rigidities  were  identical  in  all  important  respects. 
Thus,  all  accelerometers  in  the  body  of  the  drop  test 
article  were  mounted  at  the  same  location  and  with  brackets 
that  were  identical  to  the  flight  test  article.  The 
landing  gears  were  those  used  in  flight  test  and  the 
recording  apparatus  was  the  same. 

In  these  flight  tests,  the  recording  apparatus  was  contained 
in  a  reworked  300  gallon  external  fuel  tank  mounted  on 
the  centerline  of  the  airplane.  This  store  wa3  returned 
to  the  laboratory  after  flight  testing  for  «se  in  the  drop 
test  program.  In  the  first  62  drops  thi3  store  was 
mounted  on  the  airplane  in  the  3ame  manner  as  in  flight 
test.  After  Drop  62,  the  instrumented  store  was  removed 
from  the  airplane  and  placed  on  the  ground.  Data  W8s 
transmitted  from  the  airplane  to  the  store  by  a  cable. 

This  change  reduced  the  maintenance  required  on  the  record¬ 
ing  apparatus  and  eliminated  some  of  the  high  frequency 
pulses  on  the  oscillograph  traces.  A  dummy  store  of  equiv¬ 
alent  mass  and  Inertia  was  mounted  on  the  airplane  to  re¬ 
lace  the  instrumentation  package. 
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THE  TEST  SET-UP 


Fi^ire  3  shows  the  airplane  In  Its 
and  provides  a  picture  of  tne  test 
apparatus  and  test  procedures  are, 
of  those  used  In  the  industry  with 
ceptlons  dlcussed  below. 


pre-drop  position 
set-up.  The 
perhaps,  typical 
the  possible  ex- 


Because  of  the  special  Instrumentation  located  on  the 
main  landing  gear  axles,  the  wneel  spln-up  device 
shown  in  Figures  ^  and  S  was  designed.  Angular  velocity 
was  Imparted  to  the  airplane  wheels  by  bringing  the 
tires  in  contact  with  two  additional  tires  mounted  on 
a  Jack  shaft  which  was  driven  by  two  air  motors.  The 
Jack  shaft  and  its  mounting  was  assembled  on  a  carriage 
which  was  moved  clear  of  the  airplane  immediately  be¬ 
fore  it  was  dropped. 

Wing  lift  was  simulated  by  two  3 6  Inch  diameter  pneumatic 
dampers  (lift  pots)  shown  in  Figure  6.  These  were 
attached  to  the  airplane  at  wing  Stations  ^2.0  (right 
and  left)  as  shown  In  Figure  7.  The  attachment  mech¬ 
anism  was  such  that  the  load  was  applied  shortly  before 
the  wheel  contacted  the  ground.  An  essentially  con¬ 
stant  load  was  maintained  tnro.ignout  the  stroke.  Since 
tnis  method  of  load  application  was  one  of  the  known 
significant  differences  between  drop  tests  and  flight 
tests,  the  attacnmen'.  links  of  the  dampers  to  the  air¬ 
plane  were  Instrumented  with  strain  gauges  in  order  that 
the  wing  lift  tlme-nistory  could  be  determined.  As 
indicated  in  Figure  7,  additional  lift  dampers  were 
provided  to  catch  the  airplane  in  the  event  of  a  struc¬ 
tural  failure.  These  lift,  pots  applied  no  load  to  the 
airplane  under  normal  circumstances. 

Sinking  speed  was  measured  during  the  tests  by  a  TRODI 
Instrument  set-u:  as  shown  in  Figure  8.  Sinking  speed 
could  not  be  obtained  directly  from  the  drop  height 
without  correcting  for  the  forces  introduced  by  the  lift 
pots  prior  to  wheel  contact,  hence  TRODI  was  used  as  a 
rapid  means  of  obtaining  this  parameter  during  test. 
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PROCEDURE 


Prom  a  preliminary  examination  of  the  flight  test  data, 
several  landings  were  chosen  for  duplication  in  drop 
tests.  Numerous  drops  were  made  for  the  purpose  of 
checking  the  instrumentation  and  to  provide  accurate 
duplication  of  the  landings.  A  log  of  all  drops  Is 
contained  in  Appendix  A. 

Table  II  provides  a  list  of  the  initial  conditions  of 
all  drops  for  which  detailed  data  are  presented  herein 
and  the  initial  conditions  of  those  flight  landings 
which  will  be  compared  with  drop  tests  in  the  Summary 
Report  (Reference  3).  Not  all  drop  tests  were  dupli¬ 
cated  by  landings  because  of  the  fact  that  after  the 
drop  tests  were  conducted,  the  data  from  some  flight 
landings  were  found  to  be  unacceptable. 

The  following  paragraphs  describe  the  methods  of  mea¬ 
suring  the  initial  conditions  and  the  estimated 
accuracy  of  the  readings. 

A.  Weight  and  Weight  Distribution. 

Weight  and  c.G.  position  were  determined  by  means 
'  of  Cox  and  Stevens  Electronic  Weighing  Units 
placed  under  the  Jacking  points  of  the  airplane. 
The  accuracy  of  the  weighing  units  is  ±0.14 
and  their  location  was  known  within  0.2  inch. 

The  maximum  possible  error  on  airplane  weight 
is,  therefore,  tl3.5  lb,  and  on  c.G, 
position  O.A  inch. 

The  moment  of  inertia  of  the  airplane  in  pitch 
was  determined  by  measuring  the  frequency  of 
oscillation  of  the  airplane  when  supported  in 
the  manner  shown  in  Figure  10.  The  measurement 
was  made  for  one  distribution  only,  analytical 
corrections  being  made  for  other  gross  weights. 
Overall  accuracy  of  ±2#  is  estimated  for  the 
moment  of  inertia. 
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A4D-2  PROF  TEST  ARTICLE 
MOMENT  OF  INERTIA 

,  1  /ita2  _  y;c _ 

"  2ir  V  I  +  K(b2  +  c2) 

I  «  — _  M(b2  +  c2) 

4-r2  f2 

K  -  6400  lb 3/ft. 
a  -  (1J2.6/12)  ft. 

W  -  12770  lbs.  «  Mg 
c  -  (170/12)  ft. 
b  -  (28.1/12)  ft. 
f  -  0.88  cps 

I  -  19328. 2/f2  -  2998.8  -  21960  slug  ft2 


Xcg  -  0 
Yog  -  232.5 
Zog  *  -16.0 

Figure  10.  Measurement  of  Moment  of  Inertia 
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B.  Puselage  Reference  Line  Angle  (♦) 

The  fuselage  reference  angle  was  measured  prior 
to  drop  by  a  bubble  protractor  level.  The  pitch- 
roll  gyro  In  the  airplane  (Item  20  Page  4  )  was 
set  on  this  value,  and  the  airplane  attitude  at 
the  time  of  contact  was  determined  from  the 
oscillograph  trace  of  this  Instrument.  The 
angle  listed  In  Table  II  Is  the  angle  at  time 
of  contact. 

The  protractor  was  placed  on  the  glrplane  at  the 
gun -sight  level  points  which  were  manufactured 
parallel  to  the  fuselage  reference  line  within 
to.l  degree  at  the  time  the  fuselage  was  In  Its 
tooling  Jig.  Structural  deflections  caused  by 
differences  In  method  of  support  created  a  cer¬ 
tain  amount  of  change  In  the  relative  position 
of  the  level  points  and  the  fuselage  reference 
line  and,  consequently.  Introduced  an  error  In 
the  value  of  * .  Investigations  of  such  de¬ 
flections  made  for  the  purpose  of  calculating 
gun-sight  errors  lead  to  the  conclusion  that  the 
error  In  this  case  Is  of  the  order  of  0.1  degree. 
The  combined  error  Introduced  by  the  protractor 
and  gyro  Is  also  estimated  at  0.1  degree,  hence, 
the  overall  accuracy  o t  the  value  of  S  Is  es¬ 
timated  to  be  within  ±0.2  degree. 

Variation  In  pitch  attitude  was  obtained  by 
moving  the  hoist  point  fore  and  aft.  Osclllat 
tions  of  the  aircraft  caused  by  wheel  spin-up 
and  airplane  rotation  after  release  caused  lack 
of  precise  duplication  of  the  landing  attitude, 
however,  analytical  considerations  indicated  that 
accuracy  greater  than  ±1.0  degree  was  unnecessary. 
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C.  Wing  Lift 

Wing  lift  was  determined  from  the  instrumented 
links  attaching  the  lift  dampers  to  the  airplane. 
Since  fluctuations  of  the  lift  occurred  during 
the  stroke,  the  average  values  shown  in  Table  II 
were  computed  from  the  oscillograph  records. 

Lack  of  precise  agreement  between  flight  test 
and  drop  test  values  was  caused  by  the  fact  that 
the  average  lift  was  approximated  during  drop 
tests  and  computed  more  accuratley  later.  The 
accuracy  of  the  lift,  as  measured,  was  within 
*  2*. 

D.  Sink  Speed 

Sink  speed  was  measured  during  the  tests  by  a 
TRODI  instrument  set-up  as  shown  in  Figure  8. 
Sinking  speed  was  subsequently  obtained  for 
Drops  68,  70,  82,  84  and  93  by  the  following 
application  of  the  classic  equations  of  motion 
in  which  consideration  was  given  to  the  effect 
of  wing  lift  applied  prior  to  the  instant  of 
ground  contact: 


Vv«g.t-|-jLdt 

where  l  is  the  time  from  the  instant  of  release 
to  the  Instant  of  ground  contact,  L  Is  the  lift 
applied  to  the  airplane  through  the  lift  pots 
and  W  is  the  gross  weight  of  the  airplane.  A 
comparison  of  the  TRODI  readings  with  Vv  obtained 
from  solution  of  the  above  equation  is  of  in¬ 
terest  In  the  evaluation  of  the  accuracy  of  the 
sinking  speed  measurement. 

The  variation  of  wing  lift  with  time,  as  obtained 
from  the  oscillograph  records,  for  the  period 
before  ground  contact  is  shown  in  Figure  11. 
Integration  of  these  curves  provides  the  in¬ 
formation*  for  the  second  term  of  the  right  hand 
member  of  the  above  equation.  The  following 
table  provides  a  comparison  of  sinking  speeds 
obtained  by  the  two  methods. 
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Drop  No. 

l 

gt 

S 

Vv-fps 

(Computed) 

Vv-fpB 

(TRODI) 

84 

.460 

14.8 

.90 

13.9 

13.8 

70 

.419 

13.5 

1.3^ 

12.2 

12.0 

68 

• 

.504 

16.2 

1.15 

15.0 

14.8 

93 

.551 

17.7 

.95 

16.7 

CT\ 

CD 

82 

.540 

17.4 

1.20 

16.2 

15.8 

TROD I  readings  agree  with  the  calculated  within 
(  ±0.2  fps  with  the  exception  of  Drop  82.  '  A  notation 

on  the  log  (Appendix  A)  for  drops  made  on  the  same 
day  as  Drop  82  to  the  effect  that  the  TROD I  sensi¬ 
tivity  was  set  too  low  leads  to  the  conclusion  that 
•  the  computed  value  Is  more  correct.  In  addition, 

the  only  experimental  parameter  in  the  computed  value 
having  a  significant  effect  on  the  results  If  T, 

A  conservative  estimate  of  the  maximum  error  In  E  Is 
1.004  sec.  which  produces  ±.13  fp»  error  In  sinking 
speed.  In  v^ew  of  these  factors,  the  computed 
sink  speeds  are  used  In  preference  to  the  TRODI 
readings  for  the  drop  tests  which  are  to  be  compared 
with  flight  landings  In  subsequent  Investigations. 
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E.  Horizontal  Speed  (Wheel  Rotational  Velocity) 

The  rotational  velocity  of  the  wheels  of  the 
drop  teat  airplane  and  of  the  flight  test  air¬ 
plane  Nas  measured  by  a  magnetic  pickup  mounted 
on  the  brake  assembly  which  was  activated  by 
steel  studs  fastened  to  the  wheel  at  10  degree 
intervals.  As  each' stud  passed  the  sensor,  an 
electrical  current  was  generated  which  was  re¬ 
corded  on  the  oscillograph. 

The  relationship  between  wheel  maximum  rotational 
velocity  and  airplane  forward  velocity  on  the 
flight  landings  was  a  variable  which  depended 
upon  the  tire  deflection  at  the  time  of  spin- 
up.  The  procedure  used  In  the  drop  testa  was  to 
match  as  closely  as  possible  the  maximum  wheel 
RPM  obtained  In  the  flight  landings.  Since  the 
relationship  between  RPM  and  airplane  velocity 
Is  indefinite,  no  airplane  speed  Is  listed  for 
the  drop  tests  In  Table  II. 

In  drop  tests  the  wheels  were  spun  by  the  device 
described  on  Page  7  .  ATter  spin-up  It  was  nec¬ 
essary  for  the  spln-up  apparatus  to  be  moved  and 
for  the  airplane  to  Btop  oscillating,  during  which 
time  the  wheel  rotational  velocity  varied.  It 
was  necessary,  therefore,  to  make  allowance  for 
this  variation  and,  again,  exact  duplication  of 
the  flight  condition  was  not  possible. 

The  accuracy  of  the  rotational  speed  measurement 
at  these  speeds  was  very  good  being  limited  only 
by  the  accuracy  of  the  recording  apparatus  and 
the  time  signal.  Without  a  detailed  analysis  It 
can  be  stated  that  the  accuracy  is  well  within 
t  1  RPM,  Accuracy  of  this  device  reduced  as  the 
speed  reduced,  hence,  it  was  not  possible  to 
obtain  a  satisfactory  reading  as  the  rotational 
*  velocity  approached  zero  or  to  determine  accu¬ 
rately  the  time  at  which  rotation  stopped. 
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REDUCTION  OP  DATA 


Figure  12  is  a  reproduction  of  the  oaeillegraph  records 
obtained  during  a  typical  drop  teat.  In  accordance  with 
standard  practice,  eaeh  record  was  preceded  by  a  cali¬ 
bration  run  in  which  zero's  and  the  response  of  eaeh 
channel  to  known  voltages  were  obtained.  Channel  22 
on  eaoh  oscillograph  aonltered  the  voltage  of  the  power 
supply  slnoe  this  was  not  precisely  constant  throughout 
the  run. 

The  oscillograph  data,  In  tens  of  traoe  deflection  from 
a  reference  line  was  read  by  a  Be nsen-Le rimer  "Oscar  J" 
reader  whloh  provided  punohed  cards  for  input  to  an  IBN 
progrea  for  reduction  of  the  data.  The  data  were  read 
at  .001  seo.  intervals. 

The  nduetlon  equations  were  net  identical  for  all 
channels.  The  channels  and  the  equations  weed  by  the 
aaohlne  are  identified  in  Table  III  and  in  the  following 
paragraphs 

When  Plag  1  -  1  and  Plag  3-0;  f  -  Bl  “  * 


Ai  -  Ao 

When  Flag  1-1  and  Plag  3-1;  y  « 


(1) 


& 

When  Flag  1-0  and  Flag  3*0;  y  •  » 


84  -  t. 


When  Flag  1-0  and  Plag  3*1 


,4>(Ai'Ao) 

8  .  81  "  80 
1 


(2) 

(3) 

(*) 


Plage  2  and  4  control  the  equations  to  be  used  in 
converting  8/A  tor  parameter  value,  "P*. 

When  Flag  2-0, 


P  -  s  <*♦>  * 


(5) 
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When  Plmg  2  ■  1,  |  Is  minus,  and  ths  altsmats  constant 
is  used  i 

T  -  J  (K-)  .  (6) 


Whan  Flag  I  -  1,  an  intereept  oonstant  Is  added.  Then, 


B-I+£(K)  (7) 


Table  III  provides  the  eallbration  constants,  K,  and  the 
flag  information  pertaining  to  each  channel.  The  inter- 
sept,  I,  applies  to  pressures  only  and  is  equal  to  the  strut 
initial  absolute  pressure  with  strut  extended  (14.7  +  25*0  - 
39.7  psi). 

Additional  operations  were  required  on  certain  parameters 
to  present  information  in  a  preferred  form.  Thus,  the 
axle  strain  gauge  readings,  channels  10  and  14,  were 
converted  to  strut  axial  and  normal  force,  after  whloh 
strut  axial  and  normal  force  combined  with  the  axle  accelera¬ 
tions  were  converted  to  loads  at  the  ground.  Also,  the 
instantaneous,  coefficient  of  friction  has  computed  ac  well 
as  the  average  coefficient.  The  equations  applicable  to 


these  operations  are  as  follows i 
A.  Axle  readings  to  strut  load* 

L.H.  Gear  (Oso  1) 

PA  -  (43,574-142. 1P6)P10  ♦  ( -223.8-66. 7P6)*15  (8) 

PR  -  (983. 5-99. 1P6)P10  +  (4575.0-5.0P6)P13  (9) 

R.H.  Oear  (Ose  2) 

PA  -  (56, 995+537. 2P6)P10  +  ( 1200-101. 1P6)P15  (10) 

PV  -  (4800-145. 3Pg)Pio  ♦  (8,455.8  +  30.8?6)P13  (11) 


•  The  equations  are  derived  in  reference  (1). 
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B.  Strut  leads  to  ground  leads 

FVO  -  (FA  +  FAA)  COS (4-6)  -  (IB  +  PAM)  SIM(4-6)  (12) 

PM#  »  (FM  +  PAM)  008(4-6)  +  (PA  +  PAA)  SIM (4-6)  (13) 

C.  Cosfflolsnt  of  frletlon 

w*l  .  E»  <U) 

Av.rag*  WA  -  X  [jOW*!-!  +  »%)]  (15) 


The  reduced  data  were  printed  nunerleally  and  plotted 
meohanieally. 
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TABLE  Bt.  OSCILLOGRAPH  TRACE  IDENTIFICATION  AND  CALIBRATION  CONSTANTS. 


OSCILLOGRAPH  NUMBER  l 


C4ANNtL  NO. 

*  HILL 

CONST'  (K+) 

CONST- 

(K-) 

FLAG 

1 

2 

3 

4 

A. 

L.  H.  STRul  AIR  PRESSURE  1  P.S.I. 

3942. OOOU 

0. 

0. 

0. 

i. 

1. 

6. 

L.M.SIROI  PUSHKIN.  INCHES 

16.0040 

0. 

1. 

0. 

1. 

0. 

7. 

L.H.SlHUt  VELULinr.  F.P.S. 

21.7300 

0. 

1. 

0. 

1. 

0. 

8. 

l.h. virtual  piriform,  lbs. 

4B4SO.OOOO 

0. 

1. 

0. 

1. 

0. 

9. 

L.H.SIMUl  ME (EM INC  PRESSURE,  P.S.I. 

4406.0000 

0. 

1. 

0. 

1. 

1. 

10. 

L.H.AXLl  SIHAIN  CAUL  1,  VERTICAL 

0.4447 

0. 

0. 

0. 

1. 

0. 

II. 

L.H.AALE  VLMIICAL  ACCELERATION,  b  S 

S1.239B 

0. 

0. 

0. 

1. 

0. 

12. 

L.H.ORAb  8AACE.  LBS. 

S6970.0000 

56777.0000  0. 

1. 

1. 

0. 

13. 

L.H.AALL  URAG  ALLt LIRA  1  ION.  b  S 

S2.3S10 

0. 

0. 

0. 

1. 

0. 

14. 

L.H.AALL  SIKAIN  bAbE  3,  OKAb 

1.0107 

0. 

0. 

0. 

1. 

0. 

14. 

L.H.DRAu  PLAIFUKM,  LBS. 

11644.0000 

o.- 

1. 

0. 

1. 

0. 

19. 

l.H.RtUUUNO  CHAMBER  PRESSURE 

S640.0000 

0. 

1. 

0. 

1. 

1. 

21. 

L.H.AALL  LATERAL  ACCEL  ERA  1 IUN,  b  S 

44.4610 

0. 

0. 

0. 

1. 

0. 

22. 

VOLIAgL  MUNI  1 UK 

1 . 0000 

0. 

1. 

0. 

0. 

0. 

21. 

NUSfc  bt AR  STRUT  PUSHKIN,  INCHES 

16.0060 

0. 

1. 

0. 

1. 

0. 

24. 

NUSt  GEAR  UPPeR  MASS  VEHl.ACC.,  b  s 

-11.4840 

0. 

0. 

0. 

1. 

0. 

20. 

STRUT  SIDE  BENU1NC  SIKAIN  bAbE 

0.4480 

0. 

0. 

0. 

1. 

0. 

27. 

C.b. NURMAE  ACCELERAT IUN  1,  u  S 

0.6117 

0. 

0. 

0. 

1. 

0. 

28. 

ERE  PllLM  AT  T 1 TUOE  *  UEbRtES 

3.S4S0 

0. 

0. 

0. 

0. 

0. 

24. 

C.G.LUNgI lUUiNAE  ACCELERAT IUN,  b  S 

0.S488 

0. 

0. 

0. 

1. 

0. 

30. 

A/C  HUEE  AMHUUt,  UEbRtES 

II. 0450 

0. 

0. 

0. 

0. 

0. 

11. 

C.b. NURMAE  ACCELLRAIION  10,  b  S 

7.8645 

0. 

0. 

0. 

1. 

0. 

33. 

L .H. bt AR  UPPER  MASS  VtRT.ACl.,  b  S 

18.6320 

0. 

0. 

0. 

1. 

0. 

34. 

E.M.GlAK  UPPER  MASS  LUNG. ACC.,  6  S 

1 1.8390 

0. 

0. 

0. 

1. 

0. 

OSCILLOGRAPH  NUMBER  2 


4. 

6. 

7. 

8. 
9. 

10. 
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R.H. STRUT  AIR  PRESSURE,  P.S.I. 

3BSO.OOOO 

R.M. STRUT  POSITION,  INCHES 

16.0000 

R.H. STRUT  VELOCITY,  F.P.S. 

21.3400 

R.M. VERTICAL  PLATFORM,  LBS. 

4  7650.  0000 

R.H. STRUT  metering  PRESSURE,  p.s 

.1. 

5290.0000 

R.H. axle  STRAIN  GAGE  4  VERTICAL 

1.0040 

R.H. AXLE  VERTICAL  ACCELERATION, 

G  S 

53.6280 

R.H. DRAG  PLATFORM,  LBS. 

11411.7999 

R.H. AXLE  STRAIN  GAGE  S  DRAG 

1.0000 

R.H. AXLE  DRAG  ACCELERATION,  G  S 

67.2030 

R.H.  CRAG  BRACE,  LBS. 

57626.0000 

L.M.  DRAG  BRACE,  LBS. 

57243.0000 

VOI  t'Gt  MONITOR 

1.0000 

L.M.W1NG  LIFT,  lbs. 

5044.0000 

R.H. ring  lift,  lbs. 

5123.0000 

R.H. wing  tip  accelerometer,  g  s 

38.0670 

E.H.WINb  TIP  ACCELEROMETER,  C  S 

37.4680 

FRL  PITCH  ATTITUDE,  OEGREES 

3.5340 

R.M. GEAR  UPPER  MASS  VERT. ACC.,  C 

S 

19,4330 

R.H. GEAR  UPPER  MASS  LONG. ACC.,  G 

s 

12.0950 

R.H. AXLE  STRAIN  GACE  3  SIOE 

1.0013 

R.H. AXLE  LATERAL  ACCELERATION,  C 

s 

-39.  7000 
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RESULTS 


The  result3  of  the  drop  teats  are  presented  on  pages  j>& 
to  01  in  the  form  of  curves  showing  the  variation  of 
parameter  versus  time.  Wherever  right  and  left  hand 
readings  are  available,  the  cruves  are  drawn  so  as  to 
present  a  comparison  of  left  and  right  parameters.  The 
accuracy  of  the  data  is  estimated  in  Reference  (l). 

A  summary  of  these  estimates  is  included  herein  as 
Table  IV  for  convenience.  The  response  characteristics 
of  each  channel  are  described  in  Table  V.  Since  the 
records  were  read  at  .301  second  Intervals  and  in  most 
cases  plotted  at  .002  second  intervals,  the  accuracy  of 
the  plotted  results  with  respect  to  frequency  response 
will  be  limited  in  some  instances  by  the  number  of  points 
per  cycle. 

The  comments  wnich  follow  are  made  In  the  order  that 
data  appears  on  Pages  .18  to  40. 

1.  C.G.  Accelerations 

The  normal  acceleration  (10  g's)  trace  is  the 
most  significant  ana  useful.  Both  the  normal 
accelerometer  (lg)  and  the  longitudinal  accel¬ 
erometer  had  maximum  ranges  of  approximately 
j_  log  and  higher  accelerations  were  not 
recorded.  The  lg  normal  accelerometer  was  used 
during  flight  tests  to  measure  wing  lift. 

2.  Nose  and  Main  Gear  Strut  Position 

This  Is  the  reading  from  the  slide-wire  in¬ 
strumentation.  Left  and  right  gear  positions 
are  consistent.  These  data  are  compared  to  the 
strut  position  determined  from  integrating  the 
strut  velocity  under  Item  1^  and  comment  on  trie 
accuracy  of  this  measurement  is  included  therein. 

5.  Main  Gear  Side  Bending  Gauge  % 

No  calibration  was  obtained  for  this  portion  of 
the  instrumentation  in  terms  of  the  basic  ground 
loads,  hence  these  data  are  not  useful  except 
as  a  qualitative  indication  of  the  variation 
of  bending  stress  in  the  gear  at  the  point  of 
attachment  of  the  gauges. 
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4.  Main  Oear  Drag  Gauge 

This  Is  the  gauge  on  the  axle  responding  primarily 
to  fore  and  aft  force  at  the  ground.  The  read¬ 
ings  presented  here  were  used  In  conjunction 
with  the  vertical  strain  gauge  reading  to  give 
the  ground  loads  presented  on  Pages  69  to  84 , 
Differences  In  magnitude  of  the  trace  dis¬ 
placement  between  right  and  left  gears  Is  com¬ 
pensated  for  by  different  calibration  constants 
(see  Table  III).  The  first  .08  second  of  this 
record  Is  of  greatest  Importance  In  this  In¬ 
vestigation  since  It  Includes  the  spln-up  and 
spring  back  phenomena  of  Interest  to  designers. 

5.  Pitch  and  Roll  Attitude 

The  attitude  readings  were  derived  from  the 
pitch-roll  gyro.  Pitch  attitude  at  time  zero 
provides  the  Initial  condition  for  Table  II  and 
the  subsequent  values  were  used  as  0  In  the  ex¬ 
pressions  for  PVG  and  PHG  In  Equations  (12) 
and  (13)  to  determine  the  ground  loads  plotted 
on  Pages  '9  to  bu  ,  The  roll  attitude  readings 
substantiate  the  fact  that  the  drops  were 
essentially  symmetrical.  Maximum  readings  of 
1/2  degree  were  registered. 

6.  Main  G^ar  Vertical  Gauge 

This  gauge,  mounted  on  the  axle,  responded 
primarily  to  vertical  load  and  the  reading  was 
used  In  conjunction  with  the  main  gear  drag 
gauge  to  obtain  the  ground  loads  plotted  on 
Pages  69  to  bJ‘  .  The  ground  loads  are  one  of  the 
most  Important  parameters  In  this  Investigation. 
Their  accuracy  and  reliability  are  discussed 
In  detail  on  Pages  177  to  >'g  . 
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7.  Wing  Tip  Acceleration 

The  consistency  between  right  and  left  accelera¬ 
tions  creates  confidence  In  these  readings. 
Certain  differences  can  be  expected,  especially 
In  the  Initial  accelerations  because  of  the 
slight  time  differential  In  the  application  of 
the  wing  lift  loads  (Figure  11). 

8.  Nose  Gear  Vertical  Acceleration 

With  the  exception  of  Drops  82  and  93,  the  nose 
gear  vertical  accelerations  are  those  Induced 
by  main  gear  loads.  In  Drops  82  and  93  the 
nose  gear  touched  down  before  tne  main  gear  load 
history  was  complete  and  additional  accelerations 
were  produced  by  the  nose  gear  load. 

9.  Right  and  Left  Upper  Mass  Accelerg tlons 

Certain  of  these  records  show  Inconsistencies 
between  right  and  left  gear  both  In  the  magni¬ 
tude  and  phasing.  Where  such  Is  the  case,  It 
Is  recommended  that  the  results  be  used  with 
caution,  since  no  reason  has  been  established 
for  this  lack  of  symmetry. 

10,  Right  and  Left  Lower  Mass  Accelerations 

The  vertical  and  drag  acceleration  data  are 
used  In  the  determination  of  the  ground  loads 
and  consequently  are  of  primary  interest. 

Detailed  examination  and  extensive  usage  of 
these  data  has  established  a  high  confidence 
in  their  accuracy.  The  side  accelerations  have 
not  been  used  as  extensively,  but  because  of 
the  similarity  of  sensing  and  recording  units, 
the  reliability  of  these  curves  Is  also  con¬ 
sidered  to  be  good. 
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11.  Wing  Lift 

These  curves  shew  the  extent  to  which  a  constant 
lift  was  maintained  during  the  stroke.  Variations 
of  +  10^  from  the  mean  are  noted  with  the  larger 
varTation  occurring  generally  in  the  first  part 
of  the  stroke.  Inasmuch  as  the  21ft  dampers  may 
have  individual  characteristics  and  are  not 
applied  exactly  simultaneously,  consistency  of 
phase  relationship  between  right  and  left  lift 
curves  Is  not  expected.  Also,  during  the  drop 
the  wing  will  be  vibrating  because  of  the  impulse 
Introduced  at  tne  Instant  of  release,  and  the  lift 
damper  will  connect  at  difference  times  in  the 
wing's  deflection  cycle.  Hence,  precise  consistency 
between  drops  cannot  be  expected.  The  average 
values  cf  lift  determined  from  these  data  were  used 
for  comparison  with  the  flight  test  landing  lift 
(Table  IT).  It  13  believed  that  these  records 
present  an  accurate  description  of  the  loads 
apflled  to  tne  airplane  by  the  lift  dampers,  and 
the  data  can  be  used  with  confidence. 

Id.  Drag  Brace  Axial  Load 

Good  consistency  between  right  and  left  drag 
braces  is  noted  for  all  record!  except  Drop  70. 

The  differences  noted  In  the  Drop  70  record  are 
consistent  with  a  similar  departure  from  sym¬ 
metry  between  right  and  left  axle  drag  accelera¬ 
tion  (Item  10)  and  metering  chamber  pressure 
(Item  1>).  These  phenomena  may  be  associated 
with  roll  of  the  airplane  since  Drop  70  has  the 
largest  initial  angle  of  roll. 
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13.  Pressure  Headings 

Good  consistency  Is  noted  between  right  and 
left  gear  readings  both  as  to  magnitude  and 
phasing  again  with  the  exception  of  Drop  70. 

Because  of  the  fact  that  non-symmetry  of  data 
In  Drop  70  Is  registered  on  several  channels, 

It  Is  considered  a  real  phenomenon,  and  the 
reliability  of  the  records  Is  strengthened 
rather  than  reduced  by  the  noted  differences 
between  right  and  left  readings. 

The  rebound  chamber  pressure  was  measured  only 
on  the  left  gear  and  only  In  drop  tests.  This 
Instrumentation  was  added  as  a  result  of  the 
analytical  study  which  showed  that  the  rebound 
chamber  pressure  had  a  pronounced  effect  on  the  ^ear 
operation  during  the  compression  stroke. 

14.  Strut  Velocity 

As  Indicated  In  Table  I,  strut  velocity  was 
measured  by  a  Sanborn  velocity  generator.  The 
accuracy  of  this  Instrument  has  been  estimated 
at  ±  4 1  (Table  T/).  The  resulting  data  appears 
consistent  within  lt3elf  and  In  comparison  to  the 
opposite  side.  A  comparison  was  made  for  three 
cases  of  the  Integrated  velocity  and  the  stroke 
(Item  d  above)  with  the  results  shown  In 
Figure  13.  The  agreement  between  slide-wire 
reading  and  Integrated  velocity  reading  Is 
substantially  less  tnan  the  accuracy  of  each 
Instrument  since  at  certain  times  a  difference 
of  stroke  of  1  1/2  inches  Is  noted.  In  an 
effort  to  establish  which  of  the  readings  Is 
more  reliable,  a  comparison  was  made  with  the 
analytical,  or  computed,  stroke  (see  Figure  14 ) . 
Slightly  better  correlation  is  noted  for  the 
integrated  stroke.  It  is  of  Interest  to  note 
that  both  the  theory  and  the  Integrated  stroke 
are  high  with  respect  to  the  slide  wire  reading 
in  the  middle  time  range. 

There  is  Insufficient  evidence  to  establish 
which  of  the  two  measured  values  Is  more  correct, 
however,  the  comparisons  presented  here  cast 
some  doubt  on  the  accuracy  of  the  slide  wire. 

Further  work  needs  to  be  done  to  clarify  this 
point. 
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TABU  IV 

ESTIMATED  OVERALL  RECORDED  PARAMETER  ACCURACY 

ACCURACY  ±i 

PARAfCTER  . 

R.H.  Gaar  Vertical  Load 

3 

R.H.  Gaar  Drag  Load 

3 

L.H.  Gaar  vartlcal  Load 

3 

L.H.  Gaar  Drag  Load 

3 

L.H.  Gaar  Lowar  Maas  Vartlcal  Accalaratlon 

2 

L.H.  Gaar  Lowar  Mass  Drag  Accalaratlon 

2 

L.H.  Gaar  Lowar  Mass  Lataral  Accalaratlon 

2 

R.H.  Gaar  Lowar  Mass  vartlcal  Accalaratlon 

2 

R.H.  Gaar  Lowar  Mass  Drag  Accalaratlon 

2 

R.H.  Gaar  Lowar  Mass  Lataral  Accalaratlon 

2 

R.H.  Gaar  Uppar  Mass  Vartlcal  Accalaratlon 

2 

R.H.  Gaar  Uppar  Mass  Longitudinal  Accalaratlon 

2 

L.H.  Gaar  Uppar  Mass  Vartlcal  Accalaratlon 

2 

L.H.  Gaar  Uppar  Mass  Longitudinal  Accalaratlon 

2 

R.H.  Gaar  Strut  Position 

3 

L.H.  Gaar  Strut  Position 

3 

R.H.  Gaar  Strut  Valoclty 

4 

L.H.  Gaar  Strut  Valoclty 

4 

R.H.  Gaar  Motoring  Chaabar  Pros sura 

3 

L.H.  Gaar  Motoring  Chaabar  Prassura 

3 

L.H.  Gaar  Shock  Strut  Rabound  Chaabar  Prassura 

2 

R.H.  Gaar  Strut  Air  Prassura 

3 

L.H.  Gaar  Strut  Air  Prassura 

3 

R.H.  Gaar  Drag  Braca  Load 

2 

L.H.  Gaar  Drag  Braca  Load 

2 

Nosa  Gaar  Strut  Position 

3 

Nosa  Gaar  Uppar  Mass  Vartlcal  Accalaratlon 

2 

C.G.  Norma  1  Accalaratlon  (Low  Rangs) 

2 

C.G.  Norma  1  Accalaratlon  (High  Ranga) 

2 

C.G.  Longitudinal  Accalaratlon 

2 

Aircraft  Pitch  Attltuda 

3 

Aircraft  Roll  Attltuda 

3 

R.H.  Ming  Tip  Vartlcal  Accalaratlon 

2  | 

L.H.  Ming  Tip  Vartlcal  Accalaratlon 

2 

R.H.  Gaar  Raactlon  Platform  vartlcal  Load 

2 

R.H.  Gaar  Raactlon  Platfora  Drag  Load 

B 

L.H.  Gaar  Raactlon  Platfora  Vartlcal  Load 

2 

L.H.  Gaar  Raactlon  Platfora  Drag  Load 

8 

Nosa  Gaar  Raactlon  Platfora  vartlcal  Load 

2 

R.H.  Ming  Lift  Link  Load 

2 

L.H.  Ming  Lift  Link  Load 

2 

Timing  Clock 

0. 1 
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TABLE.  Y 

FLAT 

RESPONSE -CPS 

PARAMETER 

J2L 

R.H.  Gaar  Vortical  Load 

115 

135 

R.H.  Gaar  Drag  Load 

55 

95 

R.H.  Gaar  SI  da  Banding  Momant 

90 

180 

L.H.  Gaar  vartlcal  Load 

65 

195 

L.H.  Gaar  Drag  Load 

50 

100 

L.H.  Gaar  SI  da  Banding  Momant 

65 

190 

L.H.  Gaar  Lowar  Mass  Vartlcal  Accalaration 

60 

100 

L.H.  Gaar  Lowar  Mass  Orag  Accalaration 

135 

150 

L.H.  Gaar  Lowar  Mass  Lataral  Accalaration 

155 

175 

R.H.  Gaar  Lowar  Mass  Vartlcal  Accalaration 

110 

130 

R.H.  Gaar  Lowar  Mass  Drag  Accalaration 

45 

75 

R.H.  Gaar  Lowar  Mass  Lataral  Accalaration 

40 

60 

R.H.  Gaar  Uppar  Mass  Vartlcal  Accalaration 

50 

85 

R.H.  Gaar  Uppar  Mass  Longitudinal  Accalaration 

105 

130 

L.H.  Gaar  llppar  Mass  Vartlcal  Accalaration 

50 

85 

L.H.  Gaar  Uppar  Mass  Longitudinal  Accalaration 

60 

90 

R.H.  Gaar  Strut  Position 

65 

1 10 

L.H.  Gaar  Strut  Position 

55 

90 

R.H.  Gaar  Strut  Valoclty 

45 

70 

L.H.  Gaar  Strut  Valocity 

50 

90 

R.H.  Gaar  Matarlng  Chambar  Prassura 

70 

180 

L.H.  Gaar  Mataring  Chambar  Prassura 

60 

185 

L.H.  Gaar  Strut  Rabound  Chambar  Prassura 

55 

183 

R.H.  Gaar  Strut  Air  Prassura 

15 

40 

L.H.  Gaar  Strut  Air  Prassura 

15 

40 

R.H.  Gaar  Drag  Braca  Load 

60 

100 

L.H.  Gaar  Drag  Braca  Load 

50 

80 

Nosa  Gaar  Strut  Position 

ao 

135 

Nosa  Gaar  Uppar  Mass  Vartlcal  Accalaration 

120 

145 

C.G.  Normal  Accalaration  (Low  Ranga) 

25 

40 

C.G.  Normal  Accalaration  (High  Ranga) 

40 

55 

C.G.  Longitudinal  Accalaration 

20 

35 

Aircraft  pitch  Attituda 

30 

35 

Aircraft  Roll  Attituda 

20 

35 

R.H.  Ming  Tip  Vartlcal  Accalaration 

65 

160 

L.H.  Wing  Tip  Vartlcal  Accalaration 

50 

80 

R.H.  Ming  Lift  Link  Load 

55 

170 

L.H.  Wing  Lift  Link  Load 

< 

125 

145 
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GROUND  LOADS 

Vertical  and  horizontal  loads  at  the  ground  obtained  from 
the  strut  Instrumentation  and  the  equations  on  Page  24 
are  presented  on  Pages  69  to  84.  A  comparison  is  made 
with  the  loads  registered  on  the  reaction  platform. 

In  discussing  the  probable  accuracy  and  reliability  of 
these  data.  It  is  deslreable  to  review  briefly  the 
procedure  used  In  the  calibration  of  the  axle  strain 
gauges  which  supply  the  primary  input  for  the  "strut" 
ground  loads  data.  A  complete  discussion  of  the  calibration 
procedure  Is  contained  in  Reference  1. 

This  procedure  consisted  of  comparing  the  vertical 
ground  load  fx*om  strut  data  computed  by  Equation  12, 
with  the  vertical  readings  of  the  reaction  platform. 

The  comparison  was  made  at  .002  second  Intervals  and 
the  strain  gauge  constants  were  chosen  such  that  the 
average  error  was  minimum.  Since  the  reaction  platform 
drag  measurement  was  not  considered  to  be  reliable, 
comparisons  were  made  for  the  drag  direction  In  perfectly 
vertical  drops  without  3pin-up,  in  which  the  drag  load 
was  known  to  be  zero. 

Thus,  good  agreement  between  the  average  vertical  plat¬ 
form  load  and  the  average  vertical  strut  load  could  be 
expected  by  the  nature  of  the  calibration.  At  any 
instant  of  time,  however,  differences  might  be  expected, 
such  differences  being  introduced  primarily  by  relative 
accuracy  of  the  dynamic,  responses  of  the  strut  instru¬ 
mentation  and  the  platform. 

It  is  noted  tl#t  in  the  first  .03  seconds  the  peak  verti¬ 
cal  load  from  the  reaction  platform  always  exceeds  the 
peak  vertical  load  measured  by  the  strut.  This  phenomenon 
is  attributed  to  the  response  characteristic  of  the 
platform.  Although  a  complete  investigation  of  the  dynamic 
characteristics  of  the  platform  has  not  been  made,  it 
has  been  determined  (Reference  5)  that  the  fundamental 
frequency  in  the  vertical  direction  is  22  cycles  per  second 
which  is  close  to  the  frequency  of  the  first  load  peak. 

The  high  reaction  platform  load  at  this  poin€  is,  therefore, 
believed  to  be  dynamic  overshoot.  In  view  of  this  fact, 
the  load  variation  shown  by  the  strut  in  this  region  13 
considered  more  reliable. 
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Substantial  differences  are  noted  between  the  strut 
drag  lead  and  tbs  raaetlsn  plat  fora  drag  load.  Readings 
of  the  reset  Ion  plat  fern  in  ths  drag  dirsotion  have  bssn 
viewed  with  skeptioiaw  for  eons  tine  inasmuch  as  there 
is  a  high  coefficient  of  friotlsn  between  tbs  plate  and 
the  rollers  under  high  lead  whleh  inhibits  an  aeeurats 
response  to  high  frequencies.  This  lack  of  high  frequency 
response  is  evident  both  in  the  initial  peak  drag  leads 
and  in  the  subsequent  oscillations  where  it  he  reaction 
platforn  appears  to  be  a  rough  average  between  the  peaks 
of  the  load  obtained  by  the  strut  lnstmxentatlon.  On 
the  other  hand,  the  coefficients  of  friction  oonputed 
fren  the  left  hand  gear  strut  leads  are  higher  than  any 
known  previous  observation,  and  in  view  of  the  differences 
between  the  left  and  right  hand  coefficients,  sene  skepti¬ 
cism  regarding  the  aoeuraey  of  the  left  gear  drag  lead 
readings  is  warranted.  The  following  paragraphs  discuss 
this  point  in  detail. 

Table  VI  suaaarlzeB  the  oeefflolents  of  friction  data. 
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.30 

.42 

.044  , 

.048 

70 

Strut 

.65 

1.19 

.55 

.68 

.047 

.059 

Platform 

.63 

.63 

.46 

.60 

.046 

.058 

68 

Strut 

.66 

1.04 

.53 

.75 

.041 

.050 

Platform 

.46 

.59 

.44 

.61 

.040 

.047 

93 

8trut 

.80 

1.33 

.54 

.70 

.036 

.040 

Platform 

.47 

.58 

.46 

.70 

.036 

.040 

82 

Strut 

.76 

1.14 

.65 

.72 

.042 

.048 

Platform 

.50 

.64 

.54 

.78 

.041 

CO 

0 

• 

75 

Strut 

.72 

1.10 

.52 

.66 

.035 

.042 

Platform 

.48 

.63 

•  51 

.63 

.035 

.043 

78 

Strut 

.72 

1.36 

.44 

.68 

.047 

.054 

Plat  fora 

.48 

.66 

.50 

.91 

.043 

.053 

88 

Strut 

.87 

1.55 

.62 

1.03 

.048 

.057 

Platform 

.47 

.62 

.45 

.61 

.045 

.053 

*  Points  prior  to  t  >  .01  art  Ignored . 

**  To  be  preolse,  In  drop  teste  this  Is  "spin-down"  time. 
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Tha  data  are 
in  which  tha 
apparent! 

further  suouarlzed 
peculiar  nature  of 

in 

the 

the  following  table 
left  gear  data  is 

Coefficient 

Average  Maxima 

of  Friction 

Average  Average 

AVg. 

Spin-Dp 

Tine-Sec 

Laft  gaar  -  Strut 

1.25 

.74 

.43 

Flat fora 

.63 

.50 

.41 

Right  gear  -  Strut 

'  .75 

.54 

.50 

Flatfera  .66 

.46 

.49 

This  tab Is  shows  that  tha  strut  instrumentation  (both 
right  and  laft)  girts  hlghar  drag  loads  than  tha 

?latfora.  It  also  shows  that  tha  loft  gaar  spin-up 
lna  Is  an  tha  average  substantially  lass  than  tha 
right,  hanoa  hlghar  drag  loada  would  ba  expected  for 
tha  laft  gaar. 

To  further  explore  tha  aoouraoy  of  tha  drag  data,  tha 
wheal  RIM  waa  computed  fro*  tha  aquation 

RFM  -  |fjy/ (R  -  C)  •  FIB  •  dt 

where  Ip  •  tha  polar  sraaont  of  Inertia  of  the  rotating 
mass, 

R  -  Tiro  radius 
C  •  Tiro  daflaotion 
FHQ  -  Drag  foraa  at  tha  ground 


Tha  integration  was  carried  out  from  tine  of  eontaob 
to  tha  tine  that  FHO  reduces  to  zero.  Tha  following 
results  ware  obtained t 
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Tab It  VII 

Comparison  of  Calculated  and  Measured  Whaal  Angular  Velocity 


Wheel  Rotational  Valoolty 
Left  Gear  Right  Gear 

RPM  Dev. Prom  RPM  Dev. Prom 

Meaa.  %  .  Maas.  % 


Drop  Source 

Mo. 

84  Direct  Measurement 

Calculated  -  strut  Data 
Calculated  —  Platform  Data 

70  Direct  Measurement 

Calculated  -  Strut  Data 
Calculated  -  Platform  Data 

68  Dlreot  Measurement 

Calculated  -  Strut  Data 
Calculated  -  Platform  Data 

93  Dlreot  Measurement 

Calculated  -  Strut  Data 
Calculated  -  Platform  Data 

82  Dlreot  Measurement 

Calculated  -  Strut  Data 
Calculated  -  Platform  Data 


1811 

179* 

2112.3  +16 

1671 

-  7.1 

175*. 6  -*«3 

928 

-48.4 

2097 

2089 

2082  -  .1 

2037 

-  2.8 

2055  -  .3 

1937 

-  7.9 

1925 

1918 

2138  +11 

2137 

+11 

1670  -13 

1810 

-  5.7 

1936 

1912 

2352  +21 

2016 

+  5.1 

1628  -19 

1781 

-  7.1 

2074 

2044 

2542  +22 

2257 

+10 

1794  *15 

1921 

-  6.3 

Average  Deviation  from  Measured  RPM 

Left  Right 
Strut  +14.4  +  5«5 

Platform  -10.1  -  6.8  * 

•  Hegleets  Drop  84 
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The  calculations  associated  with  the  foregoing  table 
are  Inherently  ef  low  accuracy  beoauae  of  the  possible 
variation  In  polar  moment  of  Inertia  of  the  wheel  and 
tire.  The  value  used  In  these  calculations,  11.26 
■lug -in2,  was  obtained  from  Manufacturer's  data  and  is 
considered  accurate  within  il5*.  In  addition  to  varia¬ 
tions  eaused  by  dimensional  tolerances  and  wear  of  the 
tire.  Ip  will  vary  with  rotational  veloolty  and  with  age, 
these  latter  variations  tending  to  Increase  the  moment 
of  Inertia  by  approximately  109.  If  the  left  hand  gear 
moment  of  Inertia  were  109  higher  than  the  right.  Table  VII 
would  show  reasonable  correlation  for  the  left  hand  gear 
(l.e.,  the  deviations  shown  would  be  reduced  by  10*). 
Definite  conclusions  regarding  the  aoeuraey  of  the  drag 
data  cannot,  therefore,  be  drawn  from  the  spln-up 
calculations. 

The  high  coefficient  of  friction  for  the  left  gear  still 
remains  to  Intrude  an  element  of  doubt  on  *thc  accuracy 
of  the  left  gear  drag  data.  Before  the  possibility  of 
drag  coefficients  In  excess  of  1.0  is  abandoned,  it  Is 
recommended  that  a  low  speed  sliding  coefficient  of 
frlotion  test  be  conducted  using  the  aotual  platform 
surface.  Reference  (6),  Page  25,  shows  a  rough  corre¬ 
lation  between  sliding  coefficient  of  friction  and  values 
obtained  from  dynamic  tests.  Should  the  sliding  coeffi¬ 
cient  of  frlotion  for  the  platform  be  substantially  higher 
than  that  shown  In  Reference  (6),  there  would  be  cause  to 
believe  that  dynamic  coefficients  in  excess  of  1.0  oould 
be  reaohed  in  drop  test. 
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SUMMARY  OF  RWUIffS  AMD  CONCLUSIONS 


The  significance  of  these  drop  test  data  and  comparisons 
with  flight  landings,  theory  and  NASA  data  are  considered 
in  the  summary  report  ( Reference  (>)).  The  present  report 
is  more  concerned  with  the  presentation  of  data  and  an 
evaluation  of  the  overall  accuracy  of  the  Instrumentation 
under  test  conditions. 

The  estimated  ao curacy  ef  the  Individual  Instruments 
supplied  by  Reference  (l)  and  summarised  In  Table  17 
Is  for  the  most  part  substantiated  by  a  study  of  the 
resulting  data  and  by  subsequent  usage  In  the  comparisons 
carried  out  In  Reference  (3)  •  Areas  of  eenoem  have  been 
noted  and  discussed  in  previous  sections  and  consist  prin¬ 
cipally  of  the  following t 

1.  Sinking  Speed 

Aoourate  measurement  of  the  sinking  speed,  V_, 
has  proved  difficult  even  under  laboratory  condi¬ 
tions.  As  noted  on  Fage  19,  the  determination 
of  sinking  speed  by  the  elapsed  time  method  Is  the 
most  accurate  and  Is  limited  by  the  determination 
of  the  preolse  moments  of  release  and  contact . 
Instrument  accuracy  is  sufficient  to  determine  time 
to  .001  seconds  or  less,  but  since  the  airplane  Is 
flexible,  accelerations  oreated  by  operation  of  the 
release  mechanism  and  by  oontact  with  the  ground 
are  not  felt  simultaneously  by  all  parts  of  the 
airplane.  Henoe,  ?,  can  be  ascertained  only  to 
±.00*  seconds  which  Introduces  a  possible  error 
•  of  ±.13  feet  per  seoond.  This,  in  turn,  creates 
a  possible  error  of  2*  In  the  kinetic  energy  of  a 
nominal  13  fpa  drop. 

The  difficulties  described  above  will  probably  be 
encountered  with  any  existing  method  of  measurement 
and  considerable  effort  would  be  required  to  improve 
accuracy.  It  Is  believed,  however,  that  the  aosuraey 
obtained  is  sufficient  for  the  purposes  of  this 
projeot . 
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2.  Strut  Position 

Strut  position  was  obtained  from  two  sources, 
namely,  the  slide-wire  devloe  and  by  Integra* 
tion  of  the  velocity  generator  reading. 

Differences  up  to  1.5  inohes  have  been  noted  in 
data  from  these  two  instruments.  Since  the 
slide  wire  is  the  more  direet  measurement  and 
is  less  complicated,  its  readings  would  normally 
be  considered  the  more  reliable.  However,  the 
data  from  the  velocity  generator  agrees  better 
with  theory  and,  hence,  some  doubt  is  cast  on 
the  slide-wire  reading.  This  discrepancy  can 
only  be  resolved  by  additional  testing  or  cali¬ 
bration.  Such  work  should  consist  of  (a)  simul¬ 
taneous  readings  of  the  two  instruments  while  the 
strut  is  being  moved  rapidly  through  a  known  dis¬ 
placement  and  (b)  with  the  strut  fixsd,  simultaneous 
readings  during  the  application  of  a  high  load. 

The  first  test  would  determine  the  effects  of 
velooity  on  instrument  accuracy,  and  the  second, 
the  effects  of  structural  deformations. 


5.  Ground  Loads 

The  comparison  of  vertical  ground  loads  provided 
on  Pages  69  to  84  indicates  general  agreement 
between  strut  instrumentation  and  reaction  plat¬ 
form.  One  exception  is  on  the  first  peak  where 
the  reaction  platform  1b  consistently  higher. 

This  has  been  attributed  to  dynamic  overshoot 
of  the  reaction  platfoim. 

Agreement  between  drag  loads  obtained  from  strut 
instrumentation  and  the  reaotlon  platform  is 
generally  poor.  This  lack  of  agreement  was 
expeoted  since  lack  of  aocuraoy  of  the  reaction 
platform  in  the  drag  direction  under  dynamic 
conditions  has  been  previously  noted  in  other  work. 
The  right  hand  gear  drag  loads  from  strut  instru¬ 
mentation  appear  to  be  generally  consistent  and 
reasonable.  The  left  hand  gear  dre^  loads  from 
strut  instrumentation  appears  to  be  high  by  a 
faotor  of  10  to  20jf  although  definite  proof  of 
this  fact  is  not  available. 


FOHM  LB2»  5  I  A 
(  3  52) 


I 


i 


. .?■  c.  Allen  DOUGLAS  AIRCRAFT  COMPANY.  INC. 

checked  ey>  L •  B ,  M«  long  ieach  division 

title,  LANDING  LOADS  INSTIGATION  LABORATORY  DROP  TESTS 


PACEt . 


87 


MODE  Li . 


A4D-2 


REPORT  MO. 


ES -40641 


Conclusions 

1.  The  drop  test  data  presented  herein  ean  generally 
be  used  with  confidence  within  the  limits  of 
accuraoy  specified  in  Table  IV  with  the  following 
exceptions : 

a.  Sinking  speed,  Vv,  accuraoy  is  within  i0.15 
feet  per  second. 

b.  Strut  position  given  by  the  slide  wire  is  In 
question  since  results  obtained  the refree 
differ  from  the  velocity  generator  data  by  as 
much  as  1.5  inches. 

c.  Vertical  ground  loads  and  right  hand  gear  drag 
loads  are  considered  to  be  accurate  within 
±5#.  Left  htuid  gear  drag  loads  appear  to  be 
high  and  should  be  used  with  discretion. 


2.  Additional  calibration  of  the  slide  wire  and 
velocity  generator  is  recommended  in  order  to 
resolve  the  discrepancy  noted  above.  A  dynamic 
calibration  of  the  reaction  platfora  is  also 
reoommended  in  order  to  provide  better  data  on 
future  tests.  A  test  is  recommended  for  deter* 
mining  the  sliding  ooefflolent  of  friction  of  the 
tire  on  the  platform  surface. 
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